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implies that the longitudinal gymnastics in the PS need to 
be carefully monitored and, possibly, blow-up has to be 
introduced before the bunch splittings. 

Figure 2: Bunches in the PSB at extraction. 

The bunch lengths with single batch transfer need to be 
significantly shorter than with the presnt double batch 
scheme and, thus, transverse direct space charge effects 
are increased. This is not a concern for the generation of 
50 ns and 75 ns trains with the present Linac2, since the 
intensity per bunch is sufficiently low. However, direct 
space charge effects are a concern for the generation of 
the nominal 25 ns trains with Linac4. The bunch length 
has to be increased quickly after transfer by e.g. bunch 
rotation (non-adiabatic), reduction of the RF voltage 
(quasi-adiabatic) or fast blow-up. 

The asymmetry of the bunch shape could be reduced 
and the matching to the waiting PS buckets improved by a 
combination of additional first and third harmonic RF 
components. This option has not been pursued for the 
moment because of the additional complexity (no third 
harmonic RF available in the PSB at present); 
investigations concentrate on whether a scheme with only 
an additional h = 1 component gives satisfactory results.  

FIRST EXPERIMENTAL RESULTS 

Generation of the required bunch structure in 
the PSB 

First PSB machine experiments have been focused on 
the generation of the required longitudinal structure 
without paying much attention to the transverse beam 
properties. The following steps are required before beam 
transfer: 

• The longitudinal emittances are tailored by adjusting 
longitudinal blow-up and bunch splitting. The h = 1 
voltage is not ramped down to zero during the 
splitting process, but kept at 2.5 kV (programmed 
value). 

• The synchronization of the PSB w.r.t. the PS 
reference signal is carried out using the small h = 1 
component of the beam signal to ensure correct 
positioning of the small and long gap between 
bunches. 

Bunch shapes and a tomographic reconstruction of the 
longitudinal phase space are depicted in Fig. 3 for PSB 
ring 3. The asymmetry introduced by adding an h = 1 
component is clearly visible. Careful investigations [6] 
(optimizing the convergence of the tomographic phase 
space reconstructions), triggered by an observed bunch 
asymmetry slightly larger than the expected one, led to 
the conclusion that the second harmonic voltage was only 
about Vh=2 ≈ 7.2 kV instead of the programmed 8 kV.  

Concentrating on longitudinal aspects at high energy, 
this cycle had not yet been set up for optimizing beam 
brilliance. Thus, transverse emittances were too large to 
generate LHC 50 ns or 75 ns beams. 

 

Figure 3: Bunch shapes and reconstruction of longitudinal 
phase of a beam prepared in ring 3 of the PSB. 

Single batch transfer of a beam with the 
required bunch structure 

In another experiment, the beam described was 
generated in the PSB and has been injected into the PS. 
Acquisitions of the longitudinal structure of the beam 
circulating in the PS are shown in Fig. 4. The lower 
intensity and, possibly the bunch shape oscillations of the 
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two rightmost bunches from PSB ring 2 are caused by 
losses in the transfer line due to bad steering, which could 
not be corrected properly due to lack of time. All bunches 
are injected with small position oscillations, dominated 
even by a contribution common to all bunches, which 
could be corrected by readjusting relative phases of the 
PSB and the PS. 

 

Figure 4: Time evolution of the longitudinal profiles of 
bunches injected into the PS. 

Generation of the beam required for 50 ns LHC 
type beams 

After successful experimental tests concentrating on 
longitudinal aspects, the low energy part of the PSB cycle 
has been optimized for highest brightness applying the 
standard ingredients: 

• Use of a double harmonic RF system, both operated 
with about 8 kV in antiphase for bunch lengthening 
to reduce maximum direct space charge tune spreads. 

• Dynamic working point with high (zero intensity) 
tunes at injection to create space for the large direct 
space charge tune spread of the order of 0.3. During 
the acceleration, the tune spread decreases and the 
zero intensity tunes are lowered. Proper 
compensation of transverse resonances up to order 
three is mandatory for maximum performance. 

The transverse brightness needed (two bunches per 
ring, each with 0.81x1012 protons within normalized 
transverse rms emittances of 2.5 μm) for the generation of 
50 ns bunch trains with nominal bunch population in the 
PS has been demonstrated. The longitudinal emittance 
was probably slightly overestimated. This beam has the 
same brightness than the one needed for the generation of 
the nominal 25 ns LHC beam with double batch transfer 
between the PSB and the PS. 

SUMMARY AND OUTLOOK 
First theoretical investigations and successful machine 

experiments have taken place in view of generating LHC 
bunch trains in the PS with single batch transfer between 
the PSB and PS. The aim is to shorten the PS cycles 
generating LHC bunch trains and, finally, to shorten LHC 
filling. Such a scheme is the baseline for the generation of 
the nominal 25 ns LHC beam during the Linac4 era, and 

it is of interest already now with Linac2 for 50 ns and 
75 ns LHC beams as well as for lower intensity 25 ns 
LHC beams.  

During the last run, only the generation of the 
appropriate bunch structure in the PSB and transfer to the 
PS has been demonstrated. The elaborate gymnastics 
needed to generate the LHC bunch structure in the PS has 
not yet been tested. This deserves particular attention, 
since the asymmetric bunches cannot be perfectly 
matched to the buckets and the longitudinal emittance of 
the PSB bunches is smaller than today with double batch 
transfer. Setting-up of PSB and PS for 75 ns and 50 ns 
LHC bunch trains will be the next steps: 

•  First efforts will concentrate on 75 ns trains, as a 
first step towards 50 ns trains which are of higher 
potential interest for the LHC. After transfer, 
moderate fast blow-up will be applied to generate the 
appropriate longitudinal emittance and remove 
structure from matching imperfections. 

• Optimum bunch lengths for smallest transverse 
emittances have to be determined empirically. Beam 
properties obtained first before transfer in the PSB 
and then after splitting in the PS have to be measured 
carefully. 

• Generation of 50 ns bunch trains are of higher 
potential interest for the LHC. More longitudinal 
blow-up is required prior to the first splitting, if one 
aims at executing all gymnastics with the present 
nominal parameters. 

• Transverse direct space charge effects to be expected 
with Linac4 can be assessed with only one bunch per 
PSB ring having the lower longitudinal emittance 
required for single batch transfer. Injecting such a 
bunch in the PS and measuring transverse emittances 
will allow to test and compare mitigation measures 
against space charge. 
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